This study sought to investigate persistent measles virus infection of the intestine: a novel protocol for immunogold electron microscopy was developed using a polyclonal anti-measles nucleoprotein antibody on reprocessed, formalin fixed paraffin wax embedded tissue sections.
body on reprocessed, formalin fixed paraffin wax embedded tissue sections. Antibody binding was detected using both immunoperoxidase and light microscopy on tissue sections, and 10 nm gold conjugated secondary antibody and electron microscopy on ultrathin sections. The techniques were validated using both measles infected vero cells and human tissues with established measles infection: these included brain affected by subacute sclerosing panencephalitis and acute measles appendicitis. The technique was applied subsequently to six untreated cases of granulomatous Crohn's disease, and two cases of ileocaecal tuberculosis, a granulomatous control. Mumps primary antibody -applied to both mumps infected vero cells, and measles infected vero cells and tissues studied by immunoperoxidase, and measles antibody on mumps infected cells studied by immunoperoxidase and immunogoldwere used as specificity controls: the primary antibodies identified their respective target antigen and there was no antibody cross reactivity. Measles virus nucleocapsids labelled with gold conjugated antibody in both infected cells and tissues, including foci of granulomatous inflammation in five of six cases of Crohn's disease: in the fifth case, the granuloma could not be identified in ultrathin section. In one of the tuberculosis cases, a low level of signal was noted while the second case was negative. Labelling adopted a characteristic pattern in all infected tissues, strengthening the specificity of these findings. This study provides the first direct confirmation of persistent measles virus infection of the intestine. (Gut 1995; 36: 564-569) Keywords : measles virus, intestine, immunogold electron microscopy.
Work by our group' and others2 has provided preliminary evidence of persistent measles virus infection in the gastrointestinal tract: data, derived from a combination of ultrastructural analysis, in situ hybridisation, and immunohistochemistry, suggest that persistent infection is a feature, particularly of Crohn's disease, and that it can be identified within foci of granulomatous and lymphocytic inflammation, phenotypic characteristics of this condition. Recent epidemiological studies from Sweden3 linked early measles virus infection to the development of Crohn's disease in later life, a scenario that would be analagous to subacute sclerosing panencephalitis. 4 Persistent paramyxovirus infection has been implicated in a number of diseases of unknown aetiology, sometimes based upon ultrastructural findings.5 6 High resolution images of paramyxovirus like particles should be interpreted with extreme caution because the nucleocapsids that are seen characteristically, in for example subacute sclerosing panencephalitis, may be confused with a number of non-viral structures. 5 6 This study sought to confirm the viral origin of the nucleocapsid like particles that we have seen in Crohn's disease, by colocalising these particles with gold labelled antibody specific for measles virus nucleocapsid protein. j w . i . . . . . . . . . . . . . . . . . (Fig lA and B) , which was not seen either in identically processed measles infected cells not exposed to the primary measles antibody (Fig 1 C and D) , or in measles infected cells exposed to the mumps primary antibody (Fig 1E) . (Fig 2A) , but did not stain when the mumps primary antibody was omitted in otherwise identically processed cells (Fig 2B) . No signal was seen when the measles antibody was put onto mumps infected cells at either the light microscopic or ultrastructural levels (Fig 2C and D) .
Subacute sclerosing panencephalitis Strong signal for measles virus was seen predominantly in the nuclei of infected cells, using both the immunoperoxidase technique on histological sections (Fig 3A) , and immunogold labelling of ultrathin sections of infected brain (Fig 3B and C) . Ultrastructurally, viral nucleocapsids were well preserved despite suboptimal fixation and paraffin processing. Again, the double immunogold signal on nucleocapsids was a consistent feature (Fig 3B and C) . No signal was seen on sections in which the primary measles antibody had been omitted, either at the light microscopic (Fig 3D) , or ultrastructural levels (data not shown).
Intestinal tissues
The techniques were applied subsequently to measles infected intestinal tissue -acute infected measles appendicitis -with similar (Fig 4C) . No signal was seen in the absence of the primary antibody (data not shown).
Of the six cases of Crohn's disease examined, all were positive for measles by immunoperoxidase within cells consistent in morphology and location with histiocytic macrophages (Fig 5A) , endothelial cells, and occasional lymphocytes: signal was not seen in sections that were either not exposed to the measles primary antibody (Fig 5B) , or exposed to mumps primary antibody (data not shown). Five cases were positive by immunogold in the same cellular location, and viral particles exhibited the characteristic features of size, shape, and immunogold labelling described above (Fig 5C-F Cortocosteroids, a mainstay in the treatment of patients with Crohn's disease, may predispose to permissive viral replication, and confound the question of persistence within the inflamed intestine: none of the patients whose tissues were examined in this study had received either corticosteroids or other immunosuppressive treatment.
Previous work by our group provided evidence for occasional persistent measles virus infection both in non-inflamed intestine, and in patients with conditions other than Crohn's disease.' It has been proposed that persistent infection is established frequently during acute measles virus infection, and that ensuing lifelong immunity is maintained by constant antigenic stimulation.7 Frequent environmental re-exposure, an alternative explanation, is not a prerequisite for continued immunity.7 8 If, as is suggested by our studies, the intestine is a comparatively common site of virus persistence, then constant antigenic stimulation must be balanced with tolerance in most subjects. Future research will seek to discover if the Crohn's granuloma is a focus wherein such immunological tolerance has been breached.
In summary, we have validated a novel protocol for using immunogold electron microscopy for the detection of both acute and persistent measles virus infection in formalin fixed paraffin wax processed tissues. We have used this technique to confirm persistent measles virus infection of intestinal tissues affected by Crohn's disease. A large comparative study of intestinal tissues is now underway to determine the relative specificity of these findings for Crohn's disease. The applicability of this technique to routinely processed specimens raises exciting possibilities for the investigation of diseases in which a role for persistent measles virus infection has been implicated.
